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Description

Field of the Invention

[0001] The present invention relates to an optical transmitter, and in particular, to an optical transmitter suitable for
use in an optical transmitting system such as one based on PDS (Passive Double Star) technology.

Background of the Invention

[0002] FIG. 12 shows a related-art type of optical transmitter. As shown, the optical transmitter is composed of a flip-
flop circuit 106, a modulator 109, a Laser diode (hereinafter LD), a current source 101, a photodiode (PD), and an
automatic power control circuit 102.

[0003] The flip-flop circuit 106 captures a data signal DT in synchronization with a clock signal CL to output light-on/off
signals (of positive phase and negative phase). A transistor Q1 and a transistor Q2 of the modulator 109 are supplied
at the bases thereof with the positive-phase light-on/off signal and the negative-phase light-on/off signal to perform a
differential operation. When the transistor Q2 is turned on, the laser diode (LD) is supplied with a drive current from the
current source 101 to generate an optical pulse signal.

[0004] The photodiode (PD) converts part of the optical signal outputted from the Laser diode (LD) into an electrical
signal. In order to set the amplitude of this electrical signal to a predetermined level, the automatic power control circuit
102 adjusts the magnitude of the current coming from the current source 101. Consequently, the optical output power
of the Laser diode (LD) is maintained at a constant level.

[0005] Details of the above-mentioned optical transmitter are disclosed in Japanese Laid-open Patent No. Hei 6-97889,
for example. In an optical transmission system for use in a public communication network, a station-side communication
device is connected to plural subscriber-side communication devices by fiber optics. Some such optical transmission
systems are based on PDS technology in which the optical fiber of the station-side communication device is coupled
with each of the optical fibers of the plural subscriber-side communication devices through a passive optical divider/
coupler such as a star coupler. Also, in the above-mentioned optical transmission system, while communication is being
performed between the station-side communication device and one of the subscriber-side communication devices,
another subscriber-side device may be powered on/off.

[0006] However, in the communication device having the above-mentioned related-art optical transmitter, the circuit
operation in the communication device may be made unstable by the power on/off operation, causing the Laser diode
(LD) to emit the light erroneously. This erroneous light emission is caused when the source voltage drops more than
the threshold, thereby causing the flip-flop circuit 106 to output an error light-on signal to the modulator 109 by way of
example. Consequently, if the communication device having the above-mentioned related-art type of optical transmitter
is used in an optical transmission system based on PDS technology, the optical signal caused by erroneous light emission
at a power on/off operation, affects the optical fibers of other communication devices through the optical divider/coupler,
thereby interfering with the communication of these devices.

[0007] US 5,379,145 discloses a laser transmitter which utilizes a laser diode which is biased to its stimulated (laser)
emission mode of operation by the application of current from a source of one or more operating voltages. The failure
of any of these voltages and over temperature conditions of the laser are detected by an optical AND gate which switches
the operating voltage off when any one of them is absent. The temperature of the laser is also detected and applied to
one of the optos in the chain of the AND gate such that an over temperature condition also results in the switching off
of the operating voltage and shut down of the laser. The temperature detection is by way of a circuit having hysteresis
such that the optical AND gate is not enabled until the temperature the laser decreases below the initial cut off temperature.
Operating current for biasing the laser for laser emission is applied gradually over a period from one to five seconds by
connecting the switched operation voltage source to the laser through a slow start circuit. The laser operating current
and also the level of the modulating signal (an RF modulating signal carrying a plurality of CATV channels) is applied
to the laser through a switching circuit which cuts off the modulating signal when either the current to the laser or the
modulating signal level is below predetermined limits.

[0008] As another example for an optical transmitter, US 5,548,435 describes an optical transmitter for optimizing the
duty ratio for high-speed optical transmission signal which has an output unit for providing an optical output signal
according to an electric signal, a monitor circuit for providing an output representative signal related to the output of the
output unit, a driver for determining the logical value of each bit of an input data signal according to a reference voltage
and driving the output unit according to the determination, an input signal detector for providing an input representative
signal according to the input data signal, and a duty ratio controller for comparing the input and output representative
signals with each other and controlling the reference voltage to the driver so that the difference between the input and
output representative signals is reduced, to thereby optimize the duty ratio of the optical output signal.
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SUMMARY OF THE INVENTION

[0009] Itis therefore an object of the present invention to provide an optical transmitter that does not output an optical
signal erroneously at a power on/off operation and a drive current controlling method for driving an optical transmitter.

[0010] These objects are accomplished by an optical transmitter having the features of claim 1 and a drive current
control method having the features of claim 3.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other objects of the invention will be seen by reference to the description, taken in connection with
the accompanying drawing, in which:

FIG. 1 is a block diagram illustrating a basic configuration of an optical transmitter;

FIG. 2 is a circuit diagram illustrating a circuit configuration;

FIG. 3 is a diagram illustrating a constitution of an automatic power control circuit;

FIG. 4 is a diagram illustrating a relationship between the variation in source voltage Vcc and an abnormal operation;
FIG. 5 is a diagram illustrating another circuit configuration;

FIG. 6 is a block diagram illustrating a basic configuration of an optical transmitter ;

FIG. 7 is a circuit diagram illustrating a circuit configuration ;

FIG. 8isablockdiagramillustrating a basic configuration of an optical transmitter practiced as a preferred embodiment
of the invention;

FIG. 9 is a circuit diagram illustrating a circuit configuration of the preferred embodiment;

FIG. 10 is a circuit diagram illustrating a circuit configuration of a flip-flop circuit 6 shown in FIG. 9;

FIG. 11 is a diagram illustrating a configuration of an optical transmitter having a temperature-compensating capa-
bility; and

FIG. 12 is a block diagram illustrating a configuration of a related-art type of optical transmitter.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0012] Theinvention will be described in further detail by way of example with reference to the accompanying drawings.
[0013] Now, referring to FIG. 1, there is shown a basic configuration of an optical transmitter. As shown, the optical
transmitter comprises a current source 1 for outputting a drive current, a Laser diode (LD) for generating an optical
output signal based on the drive current, a modulator 9 for controlling the supply and cutoff of the drive current to the
Laser diode (LD) according to a light-on/off signal (SG), a photodiode (PD) for converting part of the optical output signal
into an electrical signal, an automatic power control circuit 2 for maintaining the optical power of the optical output signal
at a constant level, a source voltage detector 3 for detecting that the source voltage is lower than a predetermined
reference level, and a switch circuit 4 for controlling the current output of the current source 1. The value of the prede-
termined reference level depends on the type of LD. The optical transmitter includes a source voltage detector 3 and a
switch circuit 4 that stops the current output of the current source 1 when the source voltage determines that the source
voltage is lower than the reference level. Also, when the source voltage exceeds the reference level, the operation of
the automatic power control circuit 2 maintains the optical output power of the Laser diode (LD) at a constant level, the
source voltage detector is supplied with a power supply potential 11 (Vcc) in common with LD. Therefore, the source
voltage detector precisely detects whether the source voltage is lower than the predetermined reference level without
being influenced by the operation of Ld. FIG. 2 shows a circuit configuration of the optical transmitter. It should be noted
that the circuit to be described below assumes that a power supply potential 11 (Vcc) relative to ground potential 12
(GND)is 3.3 V and the level difference between the positive-phase and negative-phase light-on/off signals (SG) is 300 mV.
[0014] Asshown,the modulator9is composed of transistors Q1 and Q2 with the emitters thereof connected is common.
The transistors Q2 and Q1 are applied at the bases thereof with the positive-phase and negative-phase light-on/off
signals (SG), respectively. When the positive-phase light-on/off signal is at a high level (for example, 2.5 V), the negative-
phase light-on/off signal is at a low level (for example, 2.2 V) and vice versa. The transistor Q2 is connected at the
collector thereof to the Laser diode (LD) and the emitter thereof to the current source 1, supplying a drive current to the
Laser diode (LD) when the inputted light-on/off signal (SG) is high.

[0015] The current source 1 is constituted by an N-channel field-effect transistor MN3. This field-effect transistor MN3
adjusts the magnitude of the drive current to be supplied to the Laser diode (LD) according to the level of the signal
inputted in the gate of this transistor.

[0016] The automatic power control circuit 2 is composed of two buffer circuits 21 and 25, two peak-hold circuits 22
and 23, and a comparator 24 as shown in FIG. 3, which outputs an optical output control signal.

[0017] The source voltage detector 3 is composed of a first series circuit consisting of a transistor Q9 and a resistor
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R1, a second series circuit consisting of transistors Q6 and Q7 and a resistor R2, and a comparator consisting of N-
channel field-effect transistors MN1 and MN2, P-channel field-effect transistors MP1 and MP2, and a current source 1.
It should be noted that use of the field-effect transistors MP1 and MP2 is advantageous in enhancing the accuracy and
speed of voltage decision in the comparator over a conventional general arrangement using a resistor instead.

[0018] The switch circuit 4 is composed of two switch elements SN and SP. The switch elements SN and SP are
constituted by an N-channel field-effect transistor and a P-channel field-effect transistor, respectively.

[0019] The following describes the operation of the optical transmitter shown in FIG. 3.

[0020] In the automatic power control circuit 2, the positive-phase and negative phase light-on/off signals (SG) are
inputted in the buffer 21 for input differential amplification. The amplified output is inputted in the peak-hold circuit 22 in
which the maximum level is maintained. On the other hand, the electrical signal outputted from the photodiode (PD) is
amplified by the buffer circuit 25 and the maximum level of the amplified signal is maintained in the peak-hold circuit 23.
The amplified output from the buffer circuit 21 has a certain offset, which is adjusted beforehand so that the electrical
signal outputted from the buffer 21 becomes the same level as that of the electrical signal outputted from the buffer 25
when the positive-phase light-on/off signal (SG) is at the low level. The comparator 24 varies the level of the optical
output control signal to be outputted so that the hold outputs of the peak-hold circuits 22 and 23 become equal to each other.
[0021] The automatic power control circuit 2 for executing the above-mentioned operations can maintain the optical
output power of the light-emitting diode (LD) at a constant level without being affected by the mark ratio (the ratio between
high and low levels) of the light-on/off signals (SG).

[0022] In the source voltage detector 3, the voltage Vc at point "c" in the first series circuit is represented in relation
(1) below. In this relation, Vbe is indicative of the potential between the base and emitter of the transistor, which is about
0.8 V (constant). Like Vbe, the potential that becomes constant relative to ground potential GND regardless of source
voltage Vcc is hereafter referred to as a GND reference potential.

Vc = Vbe ces (1)

[0023] The potential Vd at point "d" in the second series circuit is represented in relation (2) below. Like potential Vd,
a potential that decreases as the supply potential Vcc decreases is hereafter referred to as a Vcc reference potential.

vd = Vcc - 2Vbe cee (2)

[0024] The gates of the field-effect transistors MN1 and MN2 of the comparator are connected to point "c" and point
"d" respectively, so that the field-effect transistor MN1 is OFF when Vd > Vc and ON otherwise. Hence, the voltage
decision signal outputted from the comparator becomes the high level (approximately equal to Vcc) when Vd > Vc
(namely, when the source voltage Vcc is greater than 3Vbe); otherwise, this signal becomes the low level (approximately
equal to GND). 3Vbe is indicative of a predetermined reference potential, for example about 2.4 V (constant). As shown
in FIG. 4, 3Vbe becomes higher than the level at which the circuit for generating the light-on/off signals (SG) possibly
functions erroneously.

[0025] In the switch circuit 4, when the high-level voltage decision signal is inputted from the comparator of the source
voltage detector 3, the switch element SN goes on and the switch element SP goes off. Consequently, the optical output
control signal is transmitted from the automatic power control circuit 2 to the gate of MN3 of the current source 1 through
the switch element SN. This causes the current source 1 to output a current according to the optical output control signal,
making the light-emitting diode (LD) emit a laser beam when the transistor Q2 is on.

[0026] On the other hand, when the low-level voltage decision signal is inputted in the switch circuit 4 from the com-
parator of the source voltage detector 3, the switch element SN turns off and the switch element PS turns on. Consequently,
supplying of the output signal of the automatic power control circuit 2 to the gate of MN3 of the current source 1 is cut
off, setting the potential of the base to approximately the GND level. This causes the current source 1 to stop outputting
the current, keeping the Laser diode (LD) in the light-off state also when the transistor Q2 is on.

[0027] An AND circuit 10 is normally inputted with a shut-down signal SD of high level (Vcc) to transmit the optical
output control signal to the switch circuit 4 without change. When the shut-down signal SD becomes a low level, the
AND circuit 10 causes the current source 1 to stop outputting the current by setting the signal to the switch circuit 4 to
a low level regardless of the level of the source voltage Vcc. Consequently, the LD of the transmitter might be controlled
by the shut-down signal SD notwithstanding the level of the source voltage Vcc.

[0028] Thus, the optical transmitter shown in FIG. 2 operates so that the same stops supplying the current to the Laser
diode (LD) when the source voltage is lower than 3Vbe regardless of the level of the light-on/off signal (SG). Consequently,
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no optical signal is outputted due to erroneous light emission at a power on/off operation. In addition, if the source voltage
is normal, an optical signal having a constant optical output power can be outputted according to the light-on/off signal
(SG).

[0029] FIG. 5is a circuit diagram of another example of the optical transmitter shown in FIG. 1.

[0030] This optical transmitter has a source voltage cutoff circuit 7 in which the capabilities of the source voltage
detector 3 shown in FIG. 2 are incorporated. An automatic power control circuit 2, a modulator 9, and a Laser diode (LD)
are generally the same in capability as those shown in FIG. 2. For a current source 1, a transistor Q3 is used, the Laser
diode (LD) being driven by the collector current of the transistor Q3.

[0031] In the source voltage cutoff circuit 7, a transistor Q8 is controlled in the corrector current thereof by an optical
output control signal generated by the automatic power control circuit 2. Transistors Q4 through Q7 constitute a current-
mirror circuit. When the source voltage Vcc is normal, the collector current of the transistor Q8 is transmitted to the
collector of the transistor Q4. According to this collector current, the potential of the base of the transistor Q4 varies,
thereby controlling the magnitude of the output current of the current source 1.

[0032] Potential Va at point "a" of a series circuit composed of transistors Q9 and Q10 and a resistor R1 becomes a
potential relative to GND represented in relation (3) below.

Va = 2Vbe «ee (3)

[0033] On the other hand, potential Vb at point "b" of a series circuit composed of the transistors Q6 and Q7 becomes
a potential relative to Vcc represented in relation (4) below.

Vb = Vcc - 2Vbe cee (4)

[0034] A transistor Q11 is connected at the base thereof to point "a" and at the emitter thereof to point "b". Hence, a
condition in which the transistor Q11 is turned on is represented in relation (5) below.

Va - Vb > Vbe «es (5)

[0035] If the source voltage Vcc is lower than 3Vbe, the condition of relation (5) is satisfied, so that conduction is
provided between the collector and emitter of the transistor Q11, allowing the collector current of the transistor Q8 to
flow through the transistor Q11. This allows little current to flow to the transistor Q6, thereby preventing the collector
current of the transistor Q8 from being transmitted to the transistor Q4. This consequently stops the current output of
the current source 1.

[0036] As described, the optical transmitter shown in FIG. 5 operates such that the current supply to the Laser diode
(LD) is stopped if the source voltage is lower than 3Vbe regardless of the level of the light-on/off signal (SG). Therefore,
no erroneous optical signal is outputted at a power on/off operation. If the source voltage is normal, the optical transmitter
shown in FIG. 5 can output a constant optical output signal according to the light-on/off signal (SG). Further, as compared
with the circuit shown in FIG. 2, the transistors used in the circuit configuration of this optical transmitter can all be of a
bipolar type, thereby facilitating integration of a this optical transmitter into one chip.

[0037] FIG. 6 is a block diagram illustrating the basic configuration of another optical transmitter. As shown, this
transmitter comprises a current source 1, a modulator 9, a Laser diode (LD), a photodiode (PD), an automatic power
control circuit 2, a source voltage detector 3, and a light emission cutoff circuit 5. The components other than the light
emission cutoff circuit 5 have generally the same capabilities as those of the components described with reference to
FIG. 1.

[0038] The light emission cutoff circuit 5 has a capability of controlling the level of the light-on/off signal inputted in the
modulator 9. When the source voltage is lower than the reference level, the light emission cutoff circuit 5 sets the level
of the light-on/off signal to the level at which the modulator 9 cuts off the drive current.

[0039] This transmitter may be provided with the capability of controlling the current output of the current source 1 by
the switch circuit 4 described with reference to FIG. 1. If this capability is provided, the erroneous light emission of the
Laser diode (LD) can be prevented more reliably.

[0040] FIG. 7 shows a circuit configuration added with the capability of controlling the current output of the current
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source 1.

[0041] The light emission cutoff circuit 5 is composed of a 2-input/2-output buffer circuit 50 and base resisters RB1
and RB2 connected respectively to the outputs of the buffer circuit 50. Positive-phase and negative-phase light-on/off
signals are inputted respectively in the inputs of the buffer circuit 50. The outputs of the light emission cutoff circuit 5
are connected respectively to the bases of the transistors Q2 and Q1 constituting the modulator 9.

[0042] A switch circuit 7 has generally the same configuration as that of the switch circuit shown in FIG. 5. However,
a difference lies in that, while the source voltage Vcc is supplied to the collector of the transistor Q11 in the switch circuit
shown in FIG. 5, the positive-phase output signal line of the light emission cutoff circuit 5 is connected to the collector
of the transistor Q11 in the switch circuit 7.

[0043] When the source voltage Vcc is normal, the switch circuit 7 performs generally the same operation as that of
the switch circuit shown in FIG. 5, transmitting the optical output control signal to the current source 1 to output therefrom
the drive current having a magnitude according to the optical output control signal.

[0044] When the source voltage Vcc is lower than 3Vbe, the transistor Q11 is on, so that the collector current of the
transistor Q11 flows from the buffer circuit 50 through the base resistor RB2. For example, if the base resistor RB2 is
set to 200 ohms and the collector current of the transistor Q11 to 3 mA, then, when the transistor Q11 is on, the base
voltage of the transistor Q2 drops by 600 mV, surely going lower than the base voltage of the transistor Q1. This turns
off the transistor Q2, stopping the current supply to the Laser diode (LD).

[0045] As described, the optical transmitter shown in FIG. 7 operates such that, when the source voltage becomes
lower than 3Vbe, the current output of the current source 1 is stopped and, at the same time, the light-on/off signals are
set to a level at which the modulator 9 cuts off the drive current. This prevents with reliability the erroneous light emission
of the Laser diode (LD) from occurring.

[0046] FIG. 8 is a block diagram illustrating the basic arrangement of an optical transmitter practiced as a preferred
embodiment of the invention, the optical transmitter using a flip-flop circuit 6 associated with the invention. As shown,
the preferred embodiment comprises a current source 1, a modulator 9, a Laser diode (LD), a photodiode (PD), an
automatic power control circuit 2, and the flip-flop circuit 6. The components of the preferred embodiment other than the
flip-flop circuit 6 have generally the same capabilities as those of the transmitters described above.

[0047] The flip-flop circuit 6 generates a light-on/off signal (SG) based on a data signal DT and a clock signal CL that
are supplied externally and outputs the generated light-on/off signal (SG) to the modulator 9. If the source voltage is
lower than a predetermined reference voltage, the level of the light-on/off signal (SG) is set to a level at which the
modulator 9 cuts off the drive current. Further, the state in which the drive current is cut off is kept until, after the source
voltage goes over the reference voltage, the data signal DT and the clock signal CL for directing light emission are supplied.
[0048] The flip-flop circuit 6 comprises a first gate circuit 31 for sampling the data signal DT in synchronization with
the clock signal CL, a first logic state hold circuit 32 for holding an output of the first gate circuit 31, a second gate circuit
33 for sampling the output of the first logic state hold circuit 32 in synchronization with the clock signal CL, a second
logic state hold circuit 34 for holding an output of the second gate circuit 33, a source power detector 3 for detecting that
the source voltage is lower than the predetermined reference voltage, and first and second logic state modify circuits
35 and 36 for putting the hold states of the first and second logic state hold circuits 32 and 34 respectively into the low
level states when the source voltage is lower than the reference voltage.

[0049] The gate circuit 31, the logic state hold circuit 32, the gate circuit 33, and the logic state hold circuit 34 constitute
a D-type flip-flop of master-slave type.

[0050] FIGS. 9 and 10 show a circuit configuration of the optical transmitter using the flip-flop circuit 6.

[0051] Referring to FIG. 9, the base of the transistor Q3 for use as the current source 1 is supplied with the optical
output control signal of the automatic power control circuit 2. Output signals Vo1 and Vo2 of the flip-flop circuit 6 are
supplied to the bases of the transistors Q1 and Q2 respectively of the modulator 9. Here, the flip-flop circuit 6 is supplied
with Vcc-reference data signal DT and clock signal CL.

[0052] FIG. 10 shows a circuit configuration of the flip-flop circuit 6.

[0053] In the figure, the first gate circuit 31 is composed of transistors T1, T2, T9, and T10. The first logic state hold
circuit 32 is composed of registers R11 and R12 and transistors T3 and T4. The second gate circuit 33 is composed of
transistors T5, T6, T11, and T12. The second logic state hold circuit 34 is composed of resistors R13 and R14 and
transistors T7 and T8.

[0054] The source voltage detector 3 and the first and second logic state modify circuits 35 and 36 are integrated into
a logic state modify circuit 39. This logic state modify circuit 39 is composed of transistors Qf1, Qf2, Qf3, and Qf4, and
a resistor Rf1.

[0055] The following describes the operation of the optical transmitter shown in FIGS. 9 and 10.

[0056] The positive-phase and negative-phase clock signals CL are inputted in the transistors T10 and T11 and the
transistors T9 and T12, respectively, of the gate circuits 31 and 33. At this moment, the potentials at point "a1" and point
"a2" become Vcc reference voltage Va. Point "b" of the series circuit constituted by the transistors Qf1 and Qf2 and the
resistor Rf1 presents GND reference voltage Vb.
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[0057] The transistors Qf3 and Qf4 are connected at the bases thereof commonly to point "b", at the emitters thereof
to point "a1" and point "a2", respectively, and the collectors thereof to one of the differential output pair of the logic state
hold circuit 32 and one of the differential output pair of the logic state hold circuit 34, respectively.

[0058] Consequently, when Vb - Va > Vbe, where the source voltage Vcc goes lower than the normal operating level
of the flip-flop circuit, the transistors Qf3 and Qf4 are turned on, providing conductance between the collector and emitter
of each of these transistors. This causes the currents of current sources If1 and If2 to flow through load resistors R11
and R14 through the transistors Qf3 and Qf4 respectively, thereby fixing the outputs of the logic state hold circuits 32
and 33 on the sides connected to the resistors R11 and R14 respectively to the low level. Further, the levels of the other
outputs of the logic state hold circuits 32 and 34 are also fixed, thereby setting the potential of the output of the flip-flop
circuit 6 to the state of Vo1 > Vo2. This causes the modulator 9 to cut off the drive current of the Laser diode (LD).
[0059] Thus, in the optical transmitter shown in FIG. 9, the modulator 9 performs the operation of cutting off the drive
current when Vb - Va > Vbe in which the source voltage Vcc goes lower than the normal operating level, so that no
optical signal is erroneously outputted at a power on/off operation.

[0060] In addition, in this flip-flop circuit 6, the logic state hold circuits 32 and 34 hold the output state established
when Vb - Va > Vbe until inputting of the data signal DT and the clock signal CL starts after the source voltage goes
over the normal operating level (Vb - Va < Vbe). Therefore, the output of the flip-flop circuit 6 is kept in the state of Vo1
> Vo2, thereby continuing the state in which the drive current of the Laser diode (LD) is cut off.

[0061] In related-art flip-flop circuits, whether the output when the source voltage has gone up to the normal operating
level is high or low is uncertain. This possibly causes erroneous light emission even after the source voltage has gone
up to the normal operating level.

[0062] On the contrary, in the optical transmitter shown in FIG. 9, even when the source voltage exceeds the normal
operating level, the cutoff of the drive current of the Laser diode (LD) is continued until inputting of the data signal DT
and the clock signal CL starts, thereby preventing the erroneous light emission at a power on/off operation.

[0063] FIG. 11 is a block diagram illustrating a configuration of an optical transmitting apparatus having a temperature
compensating capability. The Laser diode (LD) has a characteristic that the pulse width of the output optical signal varies
with temperature. To compensate for this variation, the optical transmitter shown in FIG. 11 has a pulse width correction
circuit 51, a temperature detector 52, a controller 53, an optical transmitter 54, and an optical fiber 55. For the optical
transmitter 54, any of the above-mentioned embodiments is available. The optical output signal of the Laser diode (LD)
in the optical transmitter 54 is transmitted through the optical fiber 55.

[0064] The pulse width correction circuit 51 generates light-on/off signals (SG) according to a data signal and a clock
signal CL. The pulse width correction circuit 51 also varies, according to a control signal generated by the controller 53,
the period in which the high level of the light-on/off signal (SG) to be outputted is maintained. The temperature detector
52 measures the temperature of the Laser diode (LD) in the optical transmitter. Based on the result of this measurement,
the controller 53 outputs a control signal to the pulse width correction circuit 51 so that the optical output signal of the
Laser diode (LD) is corrected to a proper width. For example, if the pulse width of the optical output signal is smaller
than the specified value due to temperature variation, the controller 53 controls the period such that the period in which
the light-on/off signal (SG) is at the high level is continued longer.

[0065] Each of the optical transmitters practiced as preferred embodiment of the invention is combined with an optical
receiver, not shown, into an optical communication device. This optical communication device is especially effective for
use in an optical transmission system in which, like the PDS technology, plural optical communication devices are
interconnected in a star by a passive optical divider/coupler such as a star coupler. In other words, by using each of the
above-mentioned optical transmitters, a system is realized in which communication between optical communication
devices is not interfered with by a power on/off operation performed on each optical communication device.

[0066] As described and according to the invention, there is provided an optical transmitter that does not erroneously
output an optical signal when the optical transmitter is powered on/off.

[0067] While the preferred embodiments of the present invention have been described using specific terms, such
description is for illustrative purposes only, and it is to be understood that changes and variations may be made within
the scope of the claims.

Claims

1. An optical transmitter, for coupling to communication devices through an optical divider/coupler, having a source
(1) outputting a drive current, a light-emitting element, for outputting an optical signal to an optical fiber coupled to
at least one of the communication devices, that is driven by the drive current for generating an optical output signal,
characterised by a flip-flop circuit (6) generating a light-on/off signal SG based on an externally supplied data
signal DT and an externally supplied clock signal CL, and a modulator (9) controlling the supply and cutoff of the
drive current to the light-emitting element in response to the light-on/off signal SG, wherein the flip-flop circuit (6) is
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adapted to change the level of the light-on/off signal SG to be outputted to cause the modulator (9) to cut off supply
of the drive current when a source voltage is lower than a predetermined voltage and is adapted to maintain a state
in which the drive current is cut off until the data signal DT and the clock signal CL for directing light emission are
supplied even after the source voltage has reached the predetermined voltage.

Optical transmitter according to claim 1, wherein the flip-flop circuit (6) has a source voltage detector (3) that is
adapted to detect whether the source voltage is found to be lower than the predetermined voltage, a D-type flip-flop
circuit composed of a first gate circuit (31) that is adapted to sample the data signal in synchronization with the clock
signal CL, a first logic state hold circuit (32) that is adapted to hold an output of the first gate circuit (31), a second
gate circuit (33) that is adapted to sample the output held in the first logic state hold circuit (32) in synchronization
with the clock signal CL, and a second logic state hold circuit (34) that is adapted to hold an output of the second
gate circuit (33); and

a first logic state modify circuit (35) and a second logic state modify circuit (36) that is adapted to put the hold states
of the first logic state hold circuit (32) and the second logic state hold circuit (34) respectively into a low-level state
when the source voltage is found to be lower than the predetermined voltage.

A drive current controlling method for an optical transmitter, for coupling to communication devices through an optical
divider/coupler, having a source (1) outputting a drive current, a light-emitting element, for outputting optical signals
to an optical fiber coupled to at least one of the communication devices, that is driven by the drive current for
generating an optical output signal, characterised by a flip-flop circuit (6) generating a light-on/off signal SG based
on an externally supplied data signal DT and an externally supplied clock signal CL, and a modulator (9) controlling
the supply and cutoff of the drive current to the light-emitting element in response to the light-on/off signal SG, the
method comprising:

changing the level of the light-on/off signal SG to be outputted to cause the modulator (9) to cut off supply of
the drive current when a source voltage is lower than a predetermined voltage which is greater than zero; and
maintaining a state in which the drive current is cut off until the data signal DT and the clock signal CL for
directing light emission are supplied even after the source voltage has reached the predetermined voltage.

Method according to claim 3, wherein the maintaining further includes:

sampling the data signal in synchronization with the clock signal by a first gate circuit (31);

holding an output of the first gate circuit (31) by a first logic state hold circuit (32);

sampling the output held in the first logic state hold circuit (32) by a second gate circuit (33) in synchronization
with the clock signal CL;

holding an output of the second gate circuit (33) by a second logic state; and

putting the hold states of the first logic state hold circuit (32) and the second logic hold circuit (34) respectively
into a low-level state by a first logic state modify circuit (35) and a second logic state modify circuit (36) when
the source voltage is lower than the predetermined voltage;

wherein the first gate circuit (31), the first logic state hold circuit (32), the second gate circuit (33) and the second
logic state hold circuit (34) compose a D-type flip-flop circuit.

Patentanspriiche

1.

Optischer Sender zur Verbindung mit Kommunikationsvorrichtungen tber einen optischen Teiler/Kuppler, mit einer
Quelle (1) zur Ausgabe eines Ansteuerungsstroms, einem Licht-aussendenden Element zur Ausgabe eines opti-
schen Signals an eine optische Faser, die mit zumindest einer der Kommunikationsvorrichtungen gekoppelt ist, das
von dem Ansteuerungsstrom angesteuert wird zur Erzeugung eines optischen Ausgabesignals, gekennzeichnet
durch eine Flipflop-Schaltung (6), die ein Licht-An/Aus-Signal SG basierend auf einem extern gelieferten Datensignal
DT und einem extern gelieferten Taktsignal CL erzeugt, und einen Modulator (9), der die Lieferung des Ansteue-
rungsstroms an das Licht-aussendende Element und die Trennung des Ansteuerungsstroms von dem Licht-aus-
sendenden Element als Antwort auf das Licht-An/Aus-Signal SG steuert, wobei die Flip-flop-Schaltung (6) ausge-
bildet ist, den Pegel des auszugebenden Licht-An/Aus-Signals SG zu andern, um den Modulator (9) zu veranlassen,
die Lieferung des Ansteuerungsstroms zu trennen, wenn eine Quellspannung niedriger als eine vorgegebene Span-
nung ist, und ausgebildet ist, einen Zustand beizubehalten, in dem der Ansteuerungsstrom getrennt ist, bis das
Datensignal DT und das Taktsignal CL zur Anweisung einer Lichtemission geliefert werden, auch nachdem die
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Quellspannung die vorgegebene Spannung erreicht hat.

Optischer Sender gemafl Anspruch 1, wobei die Flipflop-Schaltung (6) aufweist einen Quellspannungs-Detektor
(3), der ausgebildet ist, zu erfassen, ob die Quellspannung niedriger ist als die vorgegebene Spannung, eine Flipflop-
Schaltung des D-Typs, die aus einem ersten Gatter (31) besteht, das ausgebildet ist, das Datensignal in Synchro-
nisation mit dem Taktsignal CL abzutasten, eine erste Logikzustand-Halteschaltung (32), die ausgebildet ist, eine
Ausgabe des ersten Gatters (31) zu halten, ein zweites Gatter (33), das ausgebildet ist, die in der ersten Logikzustand-
Halteschaltung (32) gehaltene Ausgabe in Synchronisation mit dem Taktsignal CL abzutasten, und eine zweiten
Logikzustand-Halteschaltung (34), die ausgebildet ist, eine Ausgabe des zweiten Gatters (33) zu halten; und

eine erste Logikzustand-Modifizierungsschaltung (35) und eine zweite Logikzustand-Modifizierungsschaltung (36),
die ausgebildet sind, die Haltezustéande jeweils der ersten Logikzustand-Halteschaltung (32) und der zweiten Lo-
gikzustand-Halteschaltung (34) in einen Zustand mit niedrigem Pegel zu setzen, wenn die Quellspannung niedriger
ist als die vorgegebene Spannung.

Ansteuerungsstrom-Steuerungsverfahren fiir einen optischen Sender zur Verbindung mit Kommunikationsvorrich-
tungen Uber einen optischen Teiler/Kuppler, mit einer Quelle (1) zur Ausgabe eines Ansteuerungsstroms, einem
Licht-aussendenden Element zur Ausgabe optischer Signale an eine optische Faser, die mit zumindest einer der
Kommunikationsvorrichtungen gekoppelt ist, das von dem Ansteuerungsstrom angesteuert wird zur Erzeugung
eines optischen Ausgabesignals, gekennzeichnet durch eine Flipflop-Schaltung (6), die ein Licht-An/Aus-Signal
SG basierend auf einem extern gelieferten Datensignal DT und einem extern gelieferten Taktsignal CL erzeugt,
und einen Modulator (9), der die Lieferung des Ansteuerungsstroms an das Licht-aussendende Element und die
Trennung des Ansteuerungsstroms von dem Licht-aussendenden Element als Antwort auf das Licht-An/Aus-Signal
SG steuert, wobei das Verfahren aufweist:

Andern des Pegels des auszugebenden Licht-An/Aus-Signals SG, um den Modulator (9) zu veranlassen, die
Lieferung des Ansteuerungsstroms zu trennen, wenn eine Quellspannung niedriger als eine vorgegebene Span-
nung ist, die grofRer als Null ist; und Beibehalten eines Zustands, in dem der Ansteuerungsstrom getrennt ist,
bis das Datensignal DT und das Taktsignal CL zur Anweisung einer Lichtemission geliefert werden, auch
nachdem die Quellspannung die vorgegebene Spannung erreicht hat.

4. Verfahren gemaf Anspruch 3, wobei das Beibehalten weiter aufweist:

Abtasten des Datensignals in Synchronisation mit dem Taktsignal durch ein erstes Gatter (31);

Halten einer Ausgabe des ersten Gatters (31) durch eine erste Logikzustand-Halteschaltung (32);

Abtasten der in der ersten Logikzustand-Halteschaltung (32) gehaltenen Ausgabe durch ein zweites Gatter (33)
in Synchronisation mit dem Taktsignal CL;

Halten einer Ausgabe des zweiten Gatters (33) durch einen zweiten Logikzustand; und

Setzen der Haltezustande der ersten Logikzustand-Halteschaltung (32) und der zweiten Logikzustand-Halte-
schaltung (34) jeweils in einen Zustand mit niedrigem Pegel durch eine erste Logikzustand-Modifizierungs-
schaltung (35) und eine zweite Logikzustand-Modifizierungsschaltung (36), wenn die Quellspannung niedriger
ist als die vorgegebene Spannung;

wobei das erste Gatter (31), die erste Logikzustand-Halteschaltung (32), das zweite Gatter (33) und die zweite
Logikzustand-Halteschaltung (34) eine D-Typ-Flipflop-Schaltung bilden.

Revendications

Emetteur optique destiné a assurer une connexion avec des dispositifs de communication par I'intermédiaire d’un
connecteur / diviseur, comprenant une source (1) fournissant en sortie un courant de commande, un élément
émetteur de lumiére, pour émettre en sortie un signal optique a destination d’une fibre optique connectée a au moins
un des dispositifs de communication, qui est attaquée par le courant de commande pour élaborer un signal de sortie
optique, caractérisé en ce qu’il comporte un circuit univibrateur (6) générant un signal d’activation / de désactivation
de la lumiére SG en fonction d’un signal de données DT en provenance de I'extérieur et d'un signal d’horloge CL
en provenance de 'extérieur, et un modulateur (9) gérant I'alimentation et la coupure du courant d’entrainement a
destination de I'élément émetteur de lumiére en réponse au signal d’activation/ de désactivation de la lumiére SG,
dans lequel le circuit univibrateur (6) est agencé de maniére a modifier le niveau du signal d’activation/ de désac-
tivation de la lumiére SG devant étre émis en sortie pour faire en sorte que le modulateur (9) coupe I'alimentation
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du courant de commande lorsque la tension de source est inférieure a une valeur de tension prédéterminée et est
congu pour assurer la conservation d’'un état dans lequel le courant de commande est coupé jusqu’'a ce que le
signal de données DT et le signal d’horloge CL pour diriger I'émission de la lumiére soient appliqués, méme aprés
que la tension de source a atteint une valeur prédéterminée.

Emetteur optique selon la revendication 1, dans lequel le circuit univibrateur (6) comprend un détecteur de tension
de source (3) qui est agencé pour détecter si la tension de source est inférieure a la tension prédéterminée, un
circuit univibrateur du type D se composant d’un premier circuit de déclenchement (31) qui est agencé pour échan-
tillonner le signal de données en synchronisation avec le signal d’horloge CL, un premier circuit de maintien a I'état
logique (32) qui est agencé pour bloquer la sortie du premier circuit de déclenchement (31), un deuxiéme circuit de
déclenchement (33) qui est agencé pour échantillonner la sortie bloquée dans le premier circuit de maintien a I'état
logique (32) en synchronisation avec le signal d’horloge CL, et un deuxiéme circuit de maintien a I'état logique (34)
qui est agencé pour bloquer la sortie du deuxiéme circuit de déclenchement (33) ; et un premier circuit de modification
de I'état logique (35) et un deuxiéme circuit de modification de I'état logique (36) qui sont agencés pour placer les
états bloqués du premier circuit de maintien a I'état logique (32) et du deuxiéme circuit de maintien a I'état logique
(34), respectivement, a un état de niveau réduit lorsqu’il est constaté que la tension de source est inférieure a la
tension prédéterminée.

Procédé de commande d’un courant de commande pour un émetteur optique, destiné a connecter des dispositifs
de communication par I'intermédiaire d’un diviseur / connecteur optique, comprenant une source (1) fournissant en
sortie un courant de commande, un élément émetteur de lumiére, pour émettre en sortie un signal optique a des-
tination d’une fibre optique connectée a au moins un des dispositifs de communication, qui est attaquée par le
courant de commande pour élaborer un signal de sortie optique, caractérisé en ce qu’il comporte un circuit uni-
vibrateur (6) générant un signal d’activation / de désactivation de la lumiére SG en fonction d’un signal de données
DT en provenance de I'extérieur et d’'un signal d’horloge CL en provenance de I'extérieur, et un modulateur (9)
gérant 'alimentation et la coupure du courant d’entrainement a destination de I'élément émetteur de lumiere en
réponse au signal d’activation/ de désactivation de la lumiére SG, procédé comprenant les étapes consistant a :

modifier le niveau du signal d’activation / de désactivation de la lumiére SG devant étre émis en sortie pour
faire en sorte que le modulateur (9) coupe I'alimentation du courant de commande lorsque la tension de source
est inférieure a une valeur de tension prédéterminée qui est supérieure a zéro ; et assurer la conservation d’'un
état dans lequel le courant de commande est coupé jusqu’a ce que le signal de données DT et le signal d’horloge
CL pour diriger I'émission de la lumiére soient appliqué, méme aprés que la tension de source a atteint une
valeur prédéterminée.

4. Procédé selon la revendication 3, dans lequel I'action de maintien comprend en outre les étapes consistant a :

échantillonner le signal de données en synchronisation avec le signal d’horloge par un premier circuit de dé-
clenchement (31) ;

maintenir la sortie du premier circuit de déclenchement (31) au moyen d’un premier circuit de maintien a I'état
logique (32) ;

échantillonner la sortie bloquée dans le premier circuit de maintien a I'état logique (32) par un deuxiéme circuit
de déclenchement (33) en synchronisation avec le signal d’horloge CL ;

maintenir la sortie du deuxiéme circuit de déclenchement (33) au moyen d’un deuxiéme état logique ; et
placer les états bloqués du premier circuit de maintien a I'état logique (32) et du deuxiéme circuit de maintien
a I'état logique (34), respectivement, a un état de niveau réduit au moyen d’'un premier circuit de modification
de I'état logique (35) et d’'un deuxiéme circuit de modification de I'état logique (36), lorsque la tension de source
est inférieure a la tension prédéterminée ;

dans lequel le premier circuit de déclenchement (31), le premier circuit de maintien a I'état logique (32), le deuxiéme

circuit de déclenchement (33) et le deuxieme circuit de maintien a I'état logique (34) constituent un circuit univibrateur
du type D.
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